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VIRGINIA TRON INDUSTRY

The iron industry played a vital role in the historical development of the United States economy and
society. The expansion of American industrialization began with the dramatic growth of the iron industry in the
late nineteenth century, primarily in Pennsylvania. The growth of the industry depended on the development of
large-scale high-output equipment and operations, and the management systems required to most effectively
manipulate them. Although Pennsylvania and Ohio came to dominate the industry, much of the history of
America's iron industry was played out in Virginia.

The more than 300 year development of Virginia's iron industry is marked by several distinct historical
periods. Despite this, throughout most of its history in the state--and until the final phase in the late nineteenth
century--iron manufacturing technology itself changed very little. At the same time that other iron centers of the
world developed and implemented new technologies to increase furnace output or efficiency, most Virginia
companies tended to be isolated by geography and restricted by the lack of adequate transportation. Virginia
companies did not feel the need to develop improved technologies; they could easily meet the changing demand
for their product with an increase or decrease in the number of furnaces. As a result of these factors, the state
tended to maintain relatively consistent technologies.

Significant examples of the iron industry can still be found across Virginia. Ten iron furnaces on the
George Washington and Jefferson National Forests in western Virginia were surveyed for nomination to the
National Register of Historic Places as part of this multiple resource nomination. Figure 1 shows the location of
these furnaces in relation to other historic furnaces in Virginia. The ten properties include:

Australia Furnace, Alleghany County (03-0098)

Callie Furnace, Botetourt County (11-0065)

Catawba Furnace, Botetourt County (11-0040)

Catherine Furnace, Page County (69-0130)

Elizabeth Furnace, Shenandoah County (85-0940)

Glenwood Furnace, Rockbridge County (81-00104)

Mt. Torry Furnace, Augusta County (07-0871)

Raven Cliff Furnace, Wythe County (98-214)

Roaring Run Furnace, Botetourt County (11-0063)

Van Buren Furnace, Shenandoah County (85-0051)
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This context statement of Virginia's Iron Industry includes three sections: technology, chronology, and
transportation. It begins with a discussion of the relevant technologies employed in the state. The discussion of iron
working technology is followed by a chronological history of iron manufacture in Virginia from the colonial to the
modem periods. The chronological periods identified by the Virginia Department of Historic Resources are used to
organize the discussion. They are:

Settlement to Society (1607-1750);

Colony to Nation (1750-1789);

Early National Period (1789-1830);
Antebellum Period (1830-1860);

Civil War (1861-1865);

Reconstruction and Growth (1865-1914); and
World War I to Present

Transportation played a key role in the history of the iron industry in Virginia, as iron manufacturers attempted to
transport supplies to their furnaces and products to markets and foundries. The development of transportation
improvements and its importance for the iron industry of Virginia are discussed following the chronological history.

THE PROCESS FOR MANUFACTURING IRON

Iron is produced by reducing ferric ores down to the raw metal and its by-products in the presence of heat.
Historically, a high carbon fuel was burned in direct contact with the iron and a fluxing material, often limestone. As
the fizel burned, it melted the ore and flux. At the same time, the carbon mixed with the oxides in the rock to form
carbon monoxide and carbon dioxide, which were released into the atmosphere. The nonferric materials in the ore
mixed with the melting limestone to form slag, the lighter waste product of iron ore smelting. Because of the silicon
content of the ore, slag often appeared glassy when cool. Slag was easily skimmed or removed from the metal.

Most iron produced in the eighteenth and nineteenth centuries was either wrought or cast. Wrought iron was
manufactured at bloomeries by reducing ore in the presence of a fuel and flux in a furnace called a forge, which was
usually only walled on one side. The reduced material, a combination of iron and siag called a bloom, was removed
from the hearth and separated by repeatedly hammering the metal into bars until all of the slag had been forced out of
the iron. The primary advantage of wrought iron was its workability. Because it was strong, non-brittle, and easy to
manipulate, it became the primary material used to manufacture tools, hardware, and weapons prior to the widespread
availability and use of steel in the latter nineteenth century (Schenck 1992).

Cast iron, which was considerably more brittle than wrought iron, could be made in larger quantities, often
continuously, in a blast furnace. Most American blast fiirnaces of the eighteenth and nineteenth centuries consisted of
several components: a heat resistant fire-brick lined stack; a structural, usually stone, outer layer surrounding the stack;
and a clay or dirt insulation separating the stack from the outer layer. The insulation layer prevented the high heat of
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the furnace from degrading the exterior material.

Workers charged the furnace by depositing set quantities of fuel, ore, and flux through the top opening in the
furnace stack. The fumace stack was often built adjacent to a ridge to facilitate transportation of material up to a
charging bridge that led to the furnace top or charging deck. The fiel burned hottest in the lowest area of the stack,
called the hearth, where the primary ore reduction and slag formation occurred. To increase the temperature and
maximize combustion, air was forced into the hearth through a nozzle called a tuyere, creating a blast that ensured a
more complete melt and a higher yield.

A major technical innovation was incorporated into furnace operation in the early nineteenth century. It was
discovered that a heated blast dramatically increased the efficiency of the combustion and resulted in higher yields of
iron for lesser amounts of fuel, especially when the heated blast was introduced into a hearth that was fueled by a
cooler burning coke (Greenwood 1902). Most Virginia furnaces, however, continued to use a cold blast until late in
the nineteenth century. This was primarily because charcoal fuel, which was the primary blast furnace fuel in the state
for much of its history, did not require a heated blast; charcoal naturally bumned hotter than other fisels like coke and
anthracite.

Molten iron was tapped from the furnace at regular intervals. It usually flowed down channels carved into a
graded sand-floor in the casting shed; the casting shed usually was attached to the furnace. The channels led to small
pits which would fill with the molten iron. When cooled, these iron pits (called pigs) were separated from the cooled
channels (called sows) and taken to foundries to be remelted and cast into usable shapes. Some furnaces, however,
cast molten iron directly into functional forms rather than only producing only pigs and sows.

The furnace blast was often produced using a water powered bellows, or a steam piston. Furnaces were built
on creeks or rivers. Water, tapped from falls or a built dam and transported along a head race, was used to power the
waterwheel that sat below the head race. As the water fell, it filled buckets or fell against paddles on the wheel,
creating a rotation that was linked to the bellows and blast equipment. This machinery was typically located adjacent
to the furnace.

The efficiency and availability of steam engines improved in the late nineteenth century. Their ultimate
geographical flexibility and lack of seasonal constraints led to their dominance as the primary power source. Virginia's
furnaces remained relatively small, however, and water power proved sufficient and less capital intensive than steam
power. Steam engines were not widely used in the state's iron industry, and furnaces, therefore, continued to be
located near a source of swiftly running water.

Similarly, Virginia maintained its lower yield charcoal operations even as the use of coals and coke advanced in
other regions of the country. Until the mid-1840s, all American iron was produced using charcoal as the fuel. Colliers
made charcoal by roasting mainly hardwoods, without flame, for several days in an earth-covered mound. The
roasting process continued until impurities were driven off, thus leaving a highly pure form of carbon. Because of its
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purity, charcoal made a higher grade of iron than coat or coke. On the negative side, however, the cost of collecting
sufficient amounts of hardwoods was high, as about one acre of hardwood had to be burned for each ton of iron
produced. The forests did not replenish themselves for thirty or more years, the pace of production with charcoal was
very slow, and the remaining forests were often located at a distance from the furnace. As a result of these drawbacks,
the cheaper, more widely available coals replaced charcoal as the primary blast furnace fuel.

Eventually, once it was possible to compensate for impurities, coke was used as fuel in Virginia blast furnaces.
Coke is made similarly to charcoal, impurities are slowly removed from bituminous or soft coal by a roasting process.
This technology involved many changes to the furnace designs prevalent in the eighteenth and early nineteenth century
in order to increase efficiency. Coke firnaces require a heated blast to increase the hearth temperature because coke
bums at a lower temperature than charcoal (Swank 1891: 366). To heat the blast, early companies built separate
charcoal or coke burners that warmed the air prior to its entrance into the furnace, Later designs, however, captured
heat and the combustible gases from the furnace and used the gases to fuel the ovens. When furnaces were converted
from charcoal to coke, brick, stone or metal structures were built to cap the charge deck opening of the former
charcoal furnace. This cap redirected the gases from the stack to the ovens located on the ground. These caps are still
visible on several of Virginia's converted furnaces; Van Buren and Callie are two examples of capped furnaces.

The iron industry in Virginia developed in the early period of American iron; the level of technology of its
furnaces did not change much through most of its history. Water-powered, cold-blast, charcoal furnaces dominated
the industry from its earliest production through its latter years. The shift to coke-fired furnaces around 1880, which
occurred only in the face of dramatic changes nationally, temporarily rescued Virginia's then failing industry.

Although Virginia's iron industry improved with the introduction of coke fuel, the state's resources and
fumnaces ultimately could not compete technologically with other national production centers. Despite this, for almost
300 years, the state's furnaces adequately produced iron to supply distant markets, fight three major wars, and provide
wares to migrants, planters, and merchants.

CHRONOLOGICAL HISTORY OF THE IRON INDUSTRY IN VIRGINIA
Settlement to Society (1607-1750)

Virginia was the first English colony established in the Americas; it fulfilled its role as a textbook colony
through the early 1770s. Much of the colony was settled with the intention that unfinished raw materials, unavailable
in the mother country, would be sent back to England for processing. To a much greater extent than was the case in
the New England colonies, Maryland and Virginia were financed by English merchants and investors eager to increase
their weaith by the importation of salable resources. Almost from the very beginning, these resources included iron.

The iron industry of the Americas began in the late 15005 as Sir Walter Raleigh's second expedition observed
abundant ores and an "infinite surplus” of wood in the region of North Carolina. Anticipating a low-cost colonial labor
force, the British expected good prospects for supplying Britain with bar and pig iron. Iron was increasing in cost in
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Britain as the supply of wood {for charcoal) began to diminish, The forests decreased as a number of factors combined -
to put pressure on wood supplies: the growth of the iron industry and charcoal production, an increased population,
and the rapid expansion of its naval and commercial fleets that used huge amounts of wood to build ships in the

sixteenth century (Bining 1933).

Because of the growing shortage of wood, England's ironworkers had to import most of their iron. Merchants
began to expand their horizons westward to locate new sources. Although the primary impetus for founding the first
Virginia colony was to search for gold, the early settlers needed utensils, tools, and iron to survive and to develop the
gold mining industry (Mulholland 1981). The English demand for iron grew and the local resources in America were
abundant. The "metallic wealth of America, so long anticipated by Englishmen,” wrote Mulholland, "first appeared in
an unexpected form" (1981: 21). The first colonists were "expected to fill the mother country’s need for raw iron"
(Bruce 1930: 3). As early as 1608, the second year of English settlement, sample iron ores were sent back to England.
By 1609, the East India Company had purchased seventeen tons of Virginia ore, smelted it, and produced a
satisfactory iron (Mulholland 1981).

The first organized attempt to produce iron began in 1619. At that time the Virginia Company of London, as
stated in their records, sent a crew to "set up three Iron workers; proofe having been made of the extraordinary
goodnesse of that iron" (Hudson 1956: 5). The group, constructing only one of the three planned furnaces, located its
works at Falling Creek, fifty miles north of Jamestown on the James River. This furnace produced only small batches
of iron, according to Hudson. Although it was intended that they would go into full production by Whitsontide, the
seventh Sunday after Easter, 1622, the venture was short lived. The F alling Creek settlement and the ironworks were
destroyed in an attack by Native Americans who killed all but two of the Europeans (Hudson 1956: 5-7).

Initially, the attack did not deter the company from setting up an ironworks. As quoted by Mulholland, the
company expressed its intentions in August 1622, to “"againe resume that business so many times unfortunately
attempted, and yett so absolute necessarie as we shall have no quiett Until we see it perfected” (1981: 24). However,
due to funding and logistical difficuities, the effort was eventually abandoned (Mulholland 1981: 24). By 1627, the

King revoked the company's charter and the property became a royal colony. As a result, Virginia iron production was
delayed for almost a century (Bruce 1930: 5). Production did not resume until the 1710s.

The development of agriculture began to permeate the colony during this early period of iron production.
Merchantilists continued to search for a resource that could be exploited easily for the benefit of the mother country
(Mulholland 1981: 25). Raw silk, sugar, tea, and indigo were as exotic in Virginia as they were in England. As the
settlers began to think of Virginia as a permanent home they also sought means to increase their own wealth, and "fairy
gold awaited the energetic man who on his own account upon the vast stretches of free land up and down the rich river
bottoms dared to grow tobacco" (Bruce 1930: 4).

Tobacco exploitation in Virginia began in 1619, the same year that organized iron production was initiated in
the colony. Twenty thousand pounds of tobacco were exported to England in that year (Bruce 1930: 4). By the close
of the century, a social order based on plantations dominated the colonial system, replaced indentured servitude with
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Affican slavery, and provided the most immediate road to wealth in the colony. Tobacco imported into England
increased to thirty-seven million pounds (including Maryland exports) by 1700 (U.S. Census 1976: 441-448),

Colonial iron production shifted to New England for the remainder of the seventeenth century. The first
continuing successful ironworks in the Americas began on the Sagus River in Massachusetts in 1644; several other
works were attempted in Rhode Isiand and Connecticut. However, the American iron industry overall was not very
successful during the seventeenth century and only five ironworks existed in the Northeast in 1673 (Bining 1933: 13).

The eighteenth century, however, proved to be the actual beginning of the successfil American iron industry.
Colonial populations grew and this growth led both to a greater supply of newly immigrated skilled craftsmen and to
an increased demand for iron wares. Several ironworks began in Pennsylvania, Maryland, New Jersey, and Virginia.
To encourage iron production, many colonies exempted ironworkers from road building, taxes, and even militia
service. Many ironworks owners were also relieved from property taxes and were granted unoccupied land for the
establishment of new ironworks (Bining 1933).

The next phase of Virginia iron production began in 1710 with the arrival of the new lieutenant governor
Alexander Spotswood and his plans for the industrial development of the colony. He attempted to encourage the
Virginia Legislature and later the Board of Trade in London to develop ironworks, but failed to convince them:.
Spotswood decided to promote the industry on his own {Bining 1933).

In 1714, Spotswood helped a group of immigrants from an iron producing region of Germany to settle along
the Rappahannock River in the northern frontier. The location soon would be named Germanna, After the discovery
of nearby fields of iron ore, Spotswood took out patents on the land. In 1716, with the financial assistance of English
partners, Spotswood built a blast furnace and put the immigrants to work (Bruce 1930; 10).

These initial efforts at personal gain cost him his colonial position in 1723. However, by 1732, he would own
the Germanna blast furnace and the Rappahannock River Air Furnace and would be a partner in a blast furnace thirty
miles southwest of Fredricksburg (Bruce 1930).

In 1732, a fourth blast furnace began operations in Virginia. It was located on the plantation of Augustine
Washington, the father of George Washington (Bining 1933). Washington's furnace was operated by the group of
English iron masters who had set up the Principio Iron Works in Maryland. Principio was the first works to be
established by a consortium of English merchants and iron mongers in direct response to the changing conditions of
European iron production (Mulholland 1981; 62).

Two major prewar iron developments in the Virginia iron industry occurred in Prince William County. John
Tayloe constructed a blast furnace on Neabsco Creek in 1738; John Tayloe II and partners erected a blast furnace and
forge in Occoquan in 1759 (Bruce 1930). With the exception of Vestal's furnace in Frederick County established in
1742, all furnaces erected before 1760 were located in the Piedmont. For most of the period, the Piedmont was at or
near the edge of the western frontier, with limited or no established means of transportation.
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The primary goal of these Virginia ironworks was to produce pig iron for export directly to England. These
English investors were so determined in pursuing this goal that few forges were constructed in Virginia to process pig
iron or blooms into usable bar iron to be sold to blacksmiths and tool smiths, Similarly, through the first sixty years of
the century, the English proprietors of Principio in Maryland were engaged strictly to supply British ironworkers
(Bining 1933: 21). |

At the same time that the Virginia ironworks were increasing output and sending most of their iron to England,
the New England and Pennsylvania furnaces were also reaching higher production levels. These firms, however,
developed differently from those in the South. The South, with its growing agricultural economy, imported most of its
finished goods. New England tended to develop independent manufactures that often competed closely with English
merchants. This difference was due, at least in part, to the fact that New England geography was very similar to
England's; they had similar natural resources and many waterways for transportation and power.

On the other hand, geography and an economy dominated by cash crop agriculture tended to limit the extent of
manufacturing in the southern Colonies. The great distances to be traveled overland from iron deposits and other
resources before reaching easily navigable rivers added such high shipping costs that industries were slowed because
their wares were not cost competitive. Also, the southern colonies attracted a different type of immigrant from those in
the North. At the same time that skilled industrial workmen went to the manufacturers in New York, New Jersey,
Massachusetts, and Pennsylvania, the South attracted planters who brought slaves to fill agricultural positions.

The fastest and surest way to eam a large living on Virginia's rich soil was with agriculture. "[Tobacco]
planting,” wrote Kathleen Bruce, "furnished the quickest road to fortune and to social distinction” (1930: 259).
Further, an economy based on slavery actually hindered industrial production and capital accumulation. This was
primarily because the investment returns on large scale agriculture were much greater than those on industrial ventures.
Planters tended not to invest in—and even to discourage—any form of enterprise that might eventually interfere with
their lifestyle (Bruce 1930: 80).

Colony to Nation (1750-1789)

Major shifts in the iron industry began to occur by the mid century. Iron manufacturers in Pennsylvania and
Massachusetts increased production, often directly casting products from their blast furnaces to supply the growing
population. Shortly after the treaty of Utrecht (1714), industrial activity began to increase in the colonies. Because of
the increased demand for iron and the steady growth of northeastern industries, most of the colonial iron remained in
America rather than going to Britain (Bining 1933: 30).

In England, pig and bar iron production continued to decrease in the eighteenth century due to the continued
fuel shortage. At the same time, manufacturing of iron products swelled. The combination of factors increased
England's dependence on foreign iron (Bining 1933). With a growing crisis in its iron industry, English merchants
continued to view the Americas as a source for those raw materials not available in England. With the growing
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populations in the colonies, the colonies were seen as an increased market for English goods (Bining 1933).

The growing sophistication of American ironworks and manufacturers and the lack of the traditional colony-
mother country exchanges frustrated British ironworkers. The British had to continue importing pig and bar iron from
Sweden and Russia and did not have as ready a market for their goods as they would have liked. On the eve of a war
with Sweden in 1750, English iron manufacturers persuaded Parliament to remove all tariffs on American bar and pig
iron coming into England in hopes of decreasing their dependence on Sweden. To appease English blast furnace
owners, who would have rather seen tariffs on their competitors continue, the act originally applied only to iron
shipped directly to London. However, because the act was not initially successful, it was later expanded to include all
English ports. To protect the iron manufacturers in England, the act also included prohibitions against erecting new
slitting mills for nail making, plating mills for making sheet, and steel furnaces in the colonies. The goal was to
eliminate all competition in the area of secondary iron manufacturing (Bining 1933).

The act apparently had little effect. American imports accounted for only six percent of England's total iron
imports in 1761 that figure increased to only fifteen percent in 1771, mostly through expanded production and exports
from Pennsyivania (Bining 1933: 85). Although total exports increased only slightly, pig and bar iron exports from
Virginia and Maryland did rise (U.S. Census 1976: z348-353, z331-337).

The regulations were mostly observed through the end of the French and Indian war. Until the end of the war,
it was possible to enforce the laws because of the high number of British soldiers stationed throughout the colonies.
Later, however, the inability to adequately enforce the laws led to gross violations--violations that were often
promoted by the colonial governments (Bining 1933).

Further, as the population continued to grow, demands for iron wares and implements continued to increase.
This led to a more sophisticated and independent economy driven to disregard restrictive British laws and policies and
eventually revolt against the crown. By the 1770s, this unchallengeable renegade attitude, coupled with high colonial
demand for iron products and decreasing British production, led to the existence of more operating blast furnaces and
forges in the Americas producing greater quantities of pig and bar iron than in all of Britain (Bining 1933).

Through this period, a mercantile arrangement continued between Virginia and England. Increasingly, because
of slowly developing southern manufactories, Virginia also developed a merchantilist arrangement with the northern
colonies. Northern companies often bought Virginia pig iron; in many arrangements with plantations, northemn
companies exchanged clothing, iron wares, and steel tools for pork or com (Bining 1933 and U.S. Bureau of Census
1977).

The next development of the iron industry in the Virginia colony occurred in the 1760s. Furnaces were
established along the Shenandoah River in Frederick County beyond the first mountain range in the northern part of the
state, and in Augusta County in the middle valley region between the Blue Ridge and the Alleghany Mountains. These
developments were primnarily tied to the internal movements of German and Scotch-Irish immigrants traveling from
Pennsylvania and New York toward the Carolinas. According to Bruce, they "pushed into the colony between the two



NPS Form 10-300a 0MB No.1023-0018
(8-86]

United States Depariment of the interior
Mational Park Service

NATIONAL REGISTER OF HISTORIC PLACES
CONTINUATION SHEET

Section £ Page1i

The iron industry in Virginia, 1620-1820

great walls of mountains, and having found beds of brown hematite ore about them started an iron industry paralle] to
that in lower Virginia" (Bruce 1930: 21).

As the revolution began and continued, iron production in all colonies increased to meet the demands of the
army; trade with England was suspended. Although at least twelve furnaces operated in Virginia during the war, it
does not appear that any new ventures were started as a direct response to war-time demand (Bruce 1930: 454),

Early National Period (1789-1830)

The next phase of iron production in the state began in the 1780s as the new nation began to resume its
productivity. Following the war, a depression hit the new country as it tried to negotiate with Britain for the
resumption of iron imports. Although these early postwar years were very difficult, production did expand in Virginia.
According to Swank, "no state in the Union gave more attention to domestic manufactures after the close of the
revolution than Virginia." He concluded, however, by warning that although industrial activity could continue for
many years, it would be "checked in subsequent years by the greater attention given by the people of Virginia to
agricultural pursuits" (Swank 1891: 269).

Following the depression, iron masters began to settle in the lower Valley of Virginia along the James River in
Botetourt County and along the New River in Wythe County. By 1800, each of the primary iron producing regions in
Virginia, the Piedmont and the upper, middle, and lower valley had begun production. Mt. Torry Fumace in Augusta
County was constructed around 1804 as a cold-blast, charcoal furnace. Pig iron from this furnace was transported on
wagon to the James River and floated down to Richmond. Output in the Valley of Virginia increased as the industry
expanded and new furnaces were constructed. By 1810 Virginia had the third highest pig iron sales among states and
territories in the union. Virginia's iron sales were behind only New York, which sold about fifteen percent more, and
Pennsylvania, which, with its dominance in iron already firmly established, sold over three hundred percent more
(French 1858: 19).

The end of the Early National Period was not a successful time for the iron industry in Virginia. National
production slowed during the 1810s and 1820s (U.S. Bureau of the Census 1976). Canada Furnace in Augusta
County was built around 1812. The history of this small furnace reflects the economic decline of this period; it only
operated for a few days before being shut down due to technical problems. The ailing economy and negative prospects
for success did not justify the investment that would have been required to make Canada a functional furnace.

Antebellum Period (1830-1860)

The industrial revolution in America led to an increase in the need for iron. During decades of the 1830s and
1840s, Virginia emerged from its slump, as seventy-five new furnaces opened in the valley beyond the Blue Ridge
(Bruce 1930). Catawba Furnace began operation in 1830. This cold-blast, charcoal fumace was built on an unusual
round plan (most furnaces were square in plan), and ran on water power provided by Catawba Creek. Roaring Run
Furnace was built around 1832 by Samuel C. Robinson of Richmond. Catherine, Elizabeth, and Van Buren furnaces



NP3 Ferm 10-900a OMB Ne. 1024-0018
(3-86)

United States Department of the Intsrier
National Park Service

NATIONAL REGISTER OF HISTORIC PLACES
CONTINUATION SHEET

Section E _ Page12

The iren Industry in Virginia, 1620-1920

were all built between 1836 and 1837 in the Shenandoah Valley of Virginia. Situated at the entrance to Fort Valley,
Elizabeth Furnace was originally called Fort Funace. Although it was built in an area that already contained seven
furnaces, its exact location offered some advantages over the other furnaces.

Despite difficulties in transporting iron over the mountains, this area of Virginia offered many benefits to iron
manufacturers. Important natural resources in the area included abundant forests, high quality iron ore, limestone
quarries, and water power. The success of a particular furnace often depended on its proximity to these resources,
transportation avenues, and forges to convert pig iron into more marketable wrought iron.

Although production increased over 10 percent between 1840 and 1850, the state dropped to rank as only the
ninth largest producer in 1850, manufacturing only 4 percent of the nation's pig iron; by 1860 Virginia manufactured
only 1 percent. The state's industry did not slow during this period, but great increases in production were made in
other states as new ore fields were exploited. Pennsylvania production increased 150 percent, Maryland increased
nearly 400 percent to surpass Virginia in production, and New Jersey more than doubled its production. Although
Virginia iron fumaces had difficulty competing with the northern ironworks, they fared better than many other states,
including Kentucky, New York, New Hampshire, and Vermont, which witnessed dramatic production decreases
(French 1858: 141).

The period of Virginia iron production from 1830 to 1860 has been referred to by Barber as the Iron Plantation
Era. The time of greatest fumace construction in the middle valley region of Virginia took place during the first two
decades of this period (Barber 1994), Because of their mostly remote locations and the need to provide for all services
required to make iron and sustain a labor force, iron companies were run similarly to agricultural plantations. Furnaces
operated like the large tobacco plantations of the piedmont and tidewater and were almost self-sufficient.

Industrialists owned large tracks of land often including ore pits, limestone quarries, and vast timber stores. An
iron master generally headed the operation. He was supported by an assistant and the several skilled workers required
to maintain and tend the furnace and its associated processes--the blacksmith, collier (for making charcoal),
wheelwright, overseer, and miller (Barber 1994).

Outbuildings on the plantation included worker housing, among other structures. An example is the Catherine
Furnace complex which, in 1847, included an eight room house for the owner, servants' house, coal house, furnace,
casting shed, steam engine, bridge house, office, pattern house, smoke house, blacksmith's shop, and housing for
furnace workers (Rappleye 1981). Roaring Run Furnace included numerous livestock, a grist mill, and a sawmill
(Capron 1968). Some iron plantations even included agriculturai fields, forges and foundries for refining iron, as well
as mines and charcoal pits necessary for the process of iron extraction. As a result, those facilities were nearly self
sufficient (Bining 1933).

Although iron plantations employed many skilled workers, the vast majority of ironworkers were unskilled and
were usually slaves. Unskilled workers were responsible for mining ores and quarrying stone, breaking rock into fist-
sized pieces for charging, felling and hauling timber and producing charcoal, charging the furnaces (usually by hand
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with wheelbarrows or carts) and building and maintaining roads (Barber 1994).

Slavery provided most of the unskilled labor in Antebellum Virginia iron plantations. Initially, slavery grew as
2 mechanism to tend and harvest crops, primarily tobacco in Virginia and later cotton in the Cotton Belt. Much of the
southern economy remained fixed to low-cost labor-intensive ventures because of the dominance of agriculture, the
large number of enslaved persons, a continued reliance on traditional technology, and the relatively high returns on
using an unpaid labor force. While the northern industries developed an economy based on industrial capitalism and,
with a higher labor cost, tended to industrialize at a faster rate, southern businesses tended to implement production
machinery and technical improvements at a slower pace.

Captive workers for iron production were used as early as the 1720s by Alexander Spotswood. Slavery--with
furnace companies actually owning their workers--probably persisted through the remainder of the eighteenth century.
The use of impressed labor in the American industry was not unique to Virginia or the southern colonies. The Saugus
Iron Works near Boston employed Irish war captives in its early years of operation.

Following production slowdowns and labor power reductions of the 1810s and 1820s, the 1830s recovery
period required the assembly of a large labor pool to man the seventy-five new fumaces. Many of the new furnaces,
however, were cautious about capital outlay because of the recent recession in the industry. Therefore, to provide an
added measure of financial protection, many companies leased their workers, reducing the level of initial capital
required (Arend 1990). This arrangement not only reduced the initial capital burden, but served as a means to induce
agricultural mvestment in industrial endeavors, Often slaves were leased for shares of the furnace company. With the
increased productivity of the 1830s and 1840s, this proved to be attractive to planters--especially during times of a
depressed agricultural economy (Arend 1990).

Iron masters that leased slaves would often buy workers who were trained as skilled labor through their
experience at the furnace, in order to provide consistency in production. Iron furnaces began to rely heavily on these
skilled laborers (Bruce 1930). Ironworks that owned a skilled slave labor force proved to be most economical, in 1848
J. R. Anderson of Tredegar Iron Works wrote that slave labor "enables me, of course, to compete with other
manufacturers” (quoted in Bruce 1930: 237-238). The skilled slaves in return often experienced greater control over
their own lives, or at least as great amount of control allowed within the institution of slavery (Dew 1994: 191).

Industrial Revolution

During this period of high production in the United States, two major technological developments pioneered in
England in the late eighteenth century made their way into the American iron industry. These were the development of
the steam engine, and its use to process coke from soft coal. Because of the dwindling supply of available fiiel wood,
eighteenth century British iron smelters faced serious production problems. Some iron masters had experimented with
coke as early as 1728. Most British coal seams, however, were very deep, usually far below the water table, and the
recovery of coking coal proved prohibitively expensive.



NPS Ferm 10-800a OMB Ke. 1024-0018
(8-86)

United States Department of the interier
National Park Service

NATIONAL REGISTER OF HISTORIC PLACES
GONTINUATION SHEET

Section E Page14

The Iron industryin Virginia, 1620-1820

Following the American Revolutionary War, the British developed an efficient steam engine that was employed
10 pump water out of coal mines. The technology provided access to extensive coal deposits, and, as a result, coke
became widely available to blast furnaces. Its use not only rescued the British iron industry, but returned it to world
dominance, a position it would hold until the mid-1890s (Campbell 1907: 621). The use of coke was so widely and
quickly adopted by the English that by 1796 there were practically no charcoal furnaces operating in Great Britain
(Swank 1892: 1366). Coke technology, however, did not cross the ocean right away, primarily because of the United
States' abundant forests. Charcoal was more expensive to manufacture than coke, however charcoal is a purer fuel that
naturally burns hotter and without sulphur or phosphorus, resulting in a higher grade iron (Greenwood 1907: 149).

As timber stores showed signs of depletion just prior to 1840, Americans began to search for mineral fuels that
they could use as an altemative to charcoal. The first mineral use occurred in eastern Pennsylvania as furnaces mined
the only anthracite or hard coal in the country. Because this fuel -could be retrieved easily and burmed without
processing, its use, according to Swank, "at once created a revolution in the whole iron industry of the country”
(1892). Iron manufacture was expanded; districts which had been closed to this industry because of a scarcity of
timber were now fully opened, and lowering of prices, which was made possible by the increased production and the
increased competition, stimulated consumption. Although hard coal required no processing, its use in the industry did
not initially hurt the charcoal iron industry of Virginia, which saw production increases over the decade (Swank 1892:
352).

By 1840, only six furnaces were making iron with anthracite, all in Pennsylvania; that number jumped to forty-
two in 1846. In 1856, 121 fumnaces used anthracite: ninety-three were operating in Pennsylvania; fourteen in New
York; six in Maryland; four in New Jersey; and four in New England (Swank 1892: 362). By 1856, anthracite iron
production surpassed charcoal in tons of pig produced: it accounted for just under half of all pig iron manufactured in
the United States (French 1858: 179).

Virginia iron plantations of the period were hindered in their ability to produce at the scale of the anthracite
furnaces operating in the North. Because of the distance to anthracite beds, transportation costs prohibited the use of
the cheaper material. At the same time, demand for charcoal iron remained high enough through the 1840s for
Virginia furnaces to resist any major operating changes. A second primary hinderance to increasing iron production in
the state was the lack of governmental support from the agriculture-dominated state legislature and constituency.
Bruce wrote, "[Virginia] planting...developed a proud class whose ability for leadership has not been surpassed in
history, but a class which, in the main, achieved a passion for the soil and an ignorance of industrial affairs” (Bruce
1930: 260). The planters established a legal and economic system based on slave labor that stabilized eighteenth
century plantation life. According to Bruce, however, the plantation system fostered protectionism. Fears festered that
laborers would be lost to industry and that additional taxation would be required to build railroads. The planters were
fairly successful in slowing iron production and delaying the introduction of new transportation systems in the state.
This occurred during the time that the canal building 'mania’ was sweeping the nation, followed by a period of extensive
railroad building.

The combination of transportation problems, dependence on charcoal, and dramatically increasing production
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levels in the northern states led to a sharp decline in the Virginia iron industry from 1850 to 1860. Many northern
charcoal furnaces were converting to anthracite (hard coal) and Pennsylvania's production increased nearly twenty-two
percent per year. In Virginia, furnaces were renovated to compete with these northern iron producers. In 1854 the
owners of Van Buren Furnace in Shenandoah County tried to increase performance by reducing the diameter of the
stack. In 1847 Roaring Run Fumace was rebuilt in an effort to compete with Pennsylvania anthracite furnaces. Most
of these renovations actually reduced output due to technical problems, and thus failed to match the competition from
northem ironworks. In the 1850s a number of iron furnaces in western Virginia went out of blast. These furnaces
included Roaring Run, Van Buren, Catawba, Mt. Torry, and Lucy Selina.

Virginia's iron industry did make some progress, however, by employing new techniques including the use of a
hot blast. Australia Furnace was built on Simpson's Creek in 1854; it was larger than its predecessors in order to
accommodate a hot-blast and increased production. Still, despite the use of inexpensive slave labor and improved
technology, efforts to compete with the north failed and many of Virginia's furnaces went out of blast; Virginia's
production dropped by fifty percent over the decade (Bruce 1930). In 1856 the state's thirty-nine operating furmaces
and forty-three forges (Swank 1891: 271) manufactured less than one percent of the nation's iron (French 1858: 179).

Although the dominance of an agricultural economy slowed southern industrialization, some manufactures
were able to develop and prosper. The Tredegar ironworks in Richmond, Virginia, became a major southemn
manufacturing concern. Begun in the early nineteenth century, the company grew rapidly. By 1860, Tredegar
maintained four rolling mills, fourteen foundries and machine shops, one nail factory, six rail works, two circular saw
works, and fifty ‘iron and metal works' (Bruce 1930: 323). Even though the Tredegar operation was impressive by any
standards, most of its customers were located in the southern states, This may have been because the cost of shipping
iron to the north was prohibitively high. Overall, the southern secondary iron industry, which included the manufacture
of bar, sheet, and rail iron, increased 194 percent during the 1850s, primarily in conjunction with growing demand from
southern customers (Bruce 1930: 321). By 1866, Virginia manufactured 2 percent of the nation's secondary pig iron
industry production of bar, sheet, and rail iron.

At the same time that the secondary iron industry in Virginia increased on the basis of a growing regional
market, its primary industry faced dramatic reductions. This growth and decline occurred within the context of a
regional economy. Southem iron makers could not compete with northern furnaces because of high transportation
costs and because the resources were less easily available in the south. At the same time, its secondary manufacturers
established a southern market for its goods primarily because it could do so less expensively than the North. The
industry was growing but could not develop a nation wide market for its products.

Civil War (1861-1865)

As the divisions between the northern and southern economies widened, secondary manufacturers were
positioned to take on new roles if and when the regions separated. With the viability of many of its furnaces still intact,
the Virginia iron industry was able to re-establish itself during the Civil War. Much of the South was engaged in
agriculture and had no industry: the established iron industry of western Virginia became essential to the Confederacy
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during the Civil War (Bruce 1930).

When the Civil War began, demand for southern pig grew very quickly as managers at Tredegar, which was
now the primary Confederate ordinance producer, scrambled for iron. In the fall of 1861, Joseph Reid Anderson, who
owned and operated Tredegar Iron Works, sent letters to all Virginia iron furnaces that had been in blast in the
previous twenty years. He made contracts with many of them for pig iron, and convinced many other furnace owners
to bring idle furnaces back into blast.

Like many of its contemporaries, Glenwood Furnace supplied the Tredegar foundry in Richmond with iron
throughout the Civil War. In 1861 Glenwood was one of the Virginia Furnaces to have a contract with Tredegar.
During the Civil War iron prices in Virginia were at a premium; in 1859 and 1860 Anderson of Tredegar paid $30 a
ton for car wheel iron from Glenwood Furnace (owned by his brother Francis); in 1862 the price was $45 a ton
(Capron 1969). In addition to producing car wheels, the strong iron from Glenwood Furnace was used for
Confederate cannons. Catawba Fumnace also produced a strong, high quality iron that was used to produce cannons
for the Confederacy. This furnace was brought back into blast in 1861, and the high-grade iron it produced was used
to convert the warship Merrimack into the ironclad Virginian. Raven CLiff, Roaring Run, and Mt. Tory Furnaces were
brought back into blast after Anderson wrote to the owners asking them to refire their furnaces to support the
Confederate Army. During the Civil War, Catherine Furnace was enlarged and converted into a hot-blast furnace, In
addition to Tredegar, the Confederacy also established a munitions works in Wythville, Virginia, and enacted exclusive
contracts with several ironworks in the Valley of Virginia.

Initially, Tredegar Iron Works simply had contracts with iron furnaces in western Virginia. As the war
continued, however, the need for iron became even greater. Tredegar bought or leased many furnaces in the Valley of
Virginia in order to control quality, and have access to the entire output of iron from the furnaces. Elizabeth and
Glenwood Furnaces were two furnaces leased by Tredegar early in the Civil War. Tredegar leased Roaring Run
furnace in 1864 in order to control the entire output of the fumnace, and supplement the iron produced in other furnaces
that were damaged by General Hunter's Union Forces.

Despite the advantages Tredegar saw in leasing iron furnaces in the Valley of Virginia, it was also faced with
problems in supplying manpower and transportation. The location of many furnaces required personnel to man barges
to transport iron from the furnaces to Richmond. In 1863 Anderson asked the Secretary of War of the Confederacy
for wagons and teams to haul pig iron from Columbia, Caroline, and Fort (Elizabeth) Furnaces to Staunton. He also
asked for men to help work the furnaces, but the War Department only supplied a portion of the men requested. Slave
labor was equally hard to come by as Tredegar had to compete with the Corps of Engineers, railroad and canal
companies, and Richmond factories, all of whom saw increased levels of production and need for workers during the
Civil War (Dew 1966: 138).

Tredegar lacked the experienced personnel to operate all the furnaces controlled by the Richmond ironworks.
Production at Catawba Fumace, for example, was inhibited by the fact that Tredegar did not have enough experienced
founders; the same men ran both Catawba and Cloverdale Furnaces and as a result one or the other was often out of
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blast. Tredegar bought Mt. Tory in 1863 in order to control the entire output of pig iron, but had a hard time finding
enough men to work the furnace. Anderson of Tredegar bought Australia firnace during the Civil War, but did not
achieve high yields due to difficulties in transportation, shortages of men, and poor management. Tredegar stopped
production at Australia in 1863, and put the furnace up for sale.

The labor profile changed during the war as many skilled workers were called to serve in the Confederate war
effort. The iron furnaces began to depend on slave labor to a greater extent. Tredegar promised hiring agents
positions as overseers at the furnaces if they acquired thirty or more hands from rural farms (Dew 1966: 251). The
demand for slave labor intensified after 1863 when military service exemptions for white furnace workers were greatly
reduced. In order to convince more people to lease their slaves to the iron industry, Tredegar advertised that slaves
would be safe, well clothed and well fed. Tredegar also made provisions for whole families to move into the mountain
sites, and employed women and children on farms at the furnaces (Dew 1966: 258). In addition, a large number of
slaves had a history of working in the iron industry and many were able to increase their skill level and move into
positions of increasing responsibility. Although many facilities were eventually depleted of workers (especially when
men were needed to build defensive bunkers toward the end of the war) at its peak Tredegar employed 1,200 Affican-
American and 1,200 white workers, divided among its Richmond ordinance works, coal pits, tanneries, and valley blast
furnaces (Arend 1990).

Ironworks throughout Virginia fell victim to union troops during the Civil War. Generals Hunter, Averell, and
- Duffie of the Union Army burned furnaces in Virginia (Rappleye 1981). Elizabeth Furnace is believed to have been
bumed by General Hunter; there is no record of its operation between 1865 and 1883, Brigadier General Duffie
burned Mt. Torry in 1864. Also in 1864 General Hunter burned Cloverdale Fumace; there is no evidence, however,
that nearby Catawba Furnace was destroyed. Catawba Furnace may have been out of biast due to manpower
shortages when the Union troops passed by. Van Buren Furnace was visited by Union troops, but never bumed. This
may have been because it was out of blast and dilapidated. Burned furnaces were easily and quickly rebuilt, as burning
did not affect the actual furnace, but only the wooden support structures. Columbia Furnace was burned by Federal
troops three times during the Civil War, and rebuilt each time (Wayland 1976: 175). Union forces further hindered
furnace production by the end of the war by reducing the already low labor force. In 1864 General Hunter's cavalry
took away large numbers of slaves from Cloverdale, Grace and Mount Torry furnaces (Dew 1966: 260).

The fact that not all furnaces were burned by the Union, even furnaces very close to ones that were burned,
may reflect the problems Tredegar was having in keeping all furnaces supplied with men and in blast. The Union Army
also did not seem to put the destruction of Virginia furnaces high on its agenda. A furnace in blast was easily located
by the cloud of black smoke rising from its stack. Also, the location of all furnaces in the area was probably known to
the Federal forces as these locations are found on historic maps prepared by Union forces. The troops may have felt
the Confederate iron works posed little threat to the Union war effort.

Although iron furnaces in Virginia increased their production during the Civil War, this increase could not
sustain the industry following the war. Many furnaces including Glenwood, Catawba, Roaring Run, and Mt. Torry
again went out of blast after 1865. The character of southemn ironworks contributed to the eventual decline of Virginia
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iron furnaces, as well contributing to the defeat of the Confederacy in general. Before the Civil War, the economy of
the South was based primarily on agricultural and slave labor, therefore allowing for large returns without impetus for
improving methods or developing industry. Iron furnaces were likewise organized like plantations and based on slave
labor. The cheap labor force kept production costs low; there was no need to develop more efficient or cost effective
ways of iron production. Therefore, while the north was constantly incorporating new technology in iron working, the
Virginia iron industry remained locked in the old methods of production. Industrial infrastructure of the northern
states, including the transportation network, was more developed than that of the southern states. This failure to
modernize production, coupled with transportation problems, a lack of anthracite coal or coke, and the increased
availability of northern iron led to the decline of Virginia ironworks after the Civil War.

Reconstruction and Growth (1865-1914)

After the Civil War, the Virginia pig iron industry declined because of the increased availability of northemn
iron. Production in Virginia, which was listed at 22,163 long tons in 1850, had dropped to just 9,096 in 1860.
Increases due to the war and the post war economy boosted 1870 production to 15,387 long tons, which, after peak
production years in 1874 and 1875 fell to just 11,102 tons in 1877 (Gooch 1954: 2). The primary causes for this
decline were the dramatically decreased regional demand for iron after the war, the increased costs required to pay
skilled and unskilled former slaves, and the increasing availability of high quality iron produced in coke-fueled furnaces
in Pennsylvama.

During the 1870s an attempt was made by the Virginia ironworks to reestablish a competitive industry. Many
furnaces changed hands, and were renovated to incorporate a hot blast and better modes of transportation. Glenwood
Furnace was rebuilt and reconditioned in 1874 as a warm blast furnace. Van Buren Furnace was rebuilt in 1873 on the
site of the old furnace. This new furnace (also known as King Furnace) used charcoal and had a closed top to allow
for either a hot or cold blast. Callie Furnace was built as a hot-blast furnace in 1873. The new owners of Catherine
Furnace in 1871 installed a narrow gauge raitway and a flume in order to increase production. Raven Cliff continued
to produce pig iron during the reconstruction. The furnace was rebuilt in 1875 and sold to Crocket, Sanders & Co,,
which became Crocket & Co. three years later. In 1883 Elizabeth Furnace was leased to Knaver & Marette of
Douglasville, PA, who rebuilt it, reducing the width of the stack, closing the top, and adding a hot blast stove.
However, most of these renovated firnaces failed to produce adequate results and were soon abandoned in favor of
coke burning furnaces.

Coke Period (1870-1900)

Although the first use of coke for iron production occurred in 1735 in Britain, this new technology was slow to
take hold in the United States due to early transportation difficulties, the abundance of timber, and an American
preference for charcoal iron. As has been discussed, however, the cost and structural benefits of coke drove iron
masters to begin to experiment with using it.

Coke fuel was used in America as early as 1839, when the introduction of the steam engine and a hot blast
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increased the furnace temperature. In 1854, coke accounted for less than eight percent of all iron produced in the
United States. By 1861, however, it had grown to 17 percent and in 1869, it grew to 29 percent and surpassed
charcoal fired iron in production. By 1875, coke fired iron became the most common type of pig in the country,
accounting for 42 percent, compared to 40 percent for anthracite and 18 percent for charcoal (Swank 1891: 376).

In Virginia, coke use dates back to 1848, but only three furnaces (one actually located in West Virginia) used
coke before the Civil War. Each of these was converted to coke from charcoal (Swank 1891: 371). Virginia was slow
to adopt this new technology due to abundant forests and the high cost of conversion to coke-fueled furnaces.

Virginia finally shifted to coke-fired furnaces around 1870, after a period of economic decline. This shift in
technology temporarily rescued Virginia's then faili g industry. Following the low year of postbelium production in
1877, output began to increase dramatically as Virginia furnaces converted to the use of coke as furnace fuel. The
period from 1870 to 1900 can be considered the era of coke production in Virginia, and the industries last major effort
to compete with the northern iron producers. From the 11,102 tons of pig iron produced in 1877, production reached
78,331 tons in 1882, 176,246 tons in 1888, and 490,617 tons in 1900, peaking in 1903 with production levels of
544,034 tons (Gooch 1956: 2). A primary reason for this output was the ability of coke and a heated blast to
dramatically increase the output of each firnace (Barber 1994). Improvements in transportation and increased
accessibility to railroads also aided the Virginia iron industry. By 1902, only four of Virginia's 26 furnaces still used
charcoal to make iron (most charcoal furnaces were abandoned by 1890). The state ranked ninth among iron
producing districts, producing 2.8 percent of the country's pig iron (Campbell 1907: 442).

Callie Furnace is one example of a Virginia furnace which, at least initiaily, used coke firing productively. This
furnace was built as a hot-blast charcoal furnace around 1873-1874 by D. S. Cook of Wrightsville, Pennsylvania. By
1876 it was enlarged and converted into a coke fumnace. In 1883 the stack was raised an additional five feet, and a
third tuyere was added. The addition of a new hot blast oven also increased the efficiency of the furnace. Advances in
iron furnace construction were tried at Callie Furnace, while at the same time the basic early-nineteenth century
trapezoidal design was retained. In October 1880 a spur railroad line was completed from the Chesapeake and Ohio
Railroad, across Rich Patch Mountain to Glen Ellen near Callie Furnace, increasing the output potential of the furnace.
However, Callie Furace was abandoned in 1884 for newer furnaces, including Princess Furnace, built closer to
resources and the railroad.

The Longdale Iron Company operated two productive coke furnaces in Virginia: Lucy Selina Furnace (also
called Longdale Fumnace No. 1) and Longdale Furnace No. 2. The company hoped to compete with northem and
westemn iron companies from the Great Lakes area with these furnaces and the Longdale iron mines by positioning
company operations along transportation routes. Lucy Selina Furnace, originally built in 1827 as a charcoal furnace,
was renovated to use coke in 1874, becoming the first pig iron furnace to have the capability to use coke. The
furnace's name was later changed to Longdale No. 1. The furnace was again enlarged to 60' by 11' from 1876 to 1889.

Longdale Furnace No. 2 began production as a coke furnace in 1881 The Longdale Iron Company produced coke
from its coal fields at Sewell, in Fayette County, West Virginia. In 1880 the Longdale Ore Railway was completed
from Longdale mines to the new furnace. In 1884 this narrow gauge railroad was extended to a new ore mine and a
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bed of Nuttail New River Coal. These two furnaces were highly productive for thirty years. Longdale Furnace No. 2
grew into a large complex and town including Longdale's offices, machine shops, and many more houses and
associated structures. The success of the Longdale Iron Company prompted other manufacturers, like the Low Moor
Iron Company, to adopt coke as a fuel (Giles 1985).

In addition to the advantages achieved by converting to coke, a second reason for the increase in Virginia's
production may be that the growing availability of steel as well as iron resulted in increased demand. Rapid changes
took place as the country's industrial base expanded during the late 1800s. By 1892 steel replaced iron as the most
produced metal (Sisson 1992). Engineers designed and redesigned items with the widely available stronger and more
flexible metal, which was produced in iron furnaces through the addition of carbon and other constituents such as
magnesium. "Demand grew as railroads were built across the country, steel skeletons were erected to support
buildings, plates were used to make ships, and barbed wire was strung to fence grazing land . . . [as] capitalists quickly
adopted mass production technology to meet the burgeoning demand for steel” (Sisson 1992: 79-80).
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Decline of the Iron Furnace Industry in Virginia (1880-1928)

Blast furnaces were redesigned to increase production because coke, which was structuraily stronger than
charcoal, could support a higher charge. This, in turn, led to greater output. In 1846 a standard stone furnace may
have been 30 feet high and held 2000 cubic feet of charge. By the 1890s, steel construction shells were built into
furnaces, enabling them to be built to over 100 feet high with an interal capacity of 18,200 cubic feet (Sisson 1992;
83). The iron industry grew primarily in Pennsylvania, Ohio, and Tllinois. Vast, highly accessible fields of iron ore in
northern Minnesota were exploited and shipped via relatively inexpensive Great Lakes freighters to centers of iron
production that used coke burning furnaces.

Northern Alabama also began manufacturing in large steel shell furnaces, charged with coke. The region grew
as an iron center after large fields of ore and coal were discovered in Alabama. Although Alabama had virtually no
antebellum iron industry, it surpassed Virginia in pig production by 1880 (Swank 1891: 376). Alabama's iron industry
continued to grow, becoming the third largest pig producing district by 1901. Alabama's 45 furnaces produced 7.7
percent of the nation's pig, two and half times that of Virginia (Campbell 1907: 442). Several Virginia companies
considered constructing large, steel-shell coke-fired furnaces. In 1882 Harry L. Horton purchased the property that
included Roaring Run Furnace; he made elaborate plans to operate a modemn coke blast furnace, with a sixty-five foot
high stack. However, this construction never took place and Horton only sent shipments of ore to existing furnaces.
Continuing transportation problems probably factored into the decision not to build.

Virginia's later nineteenth century industry, especially in the middle and lower valley, was increasingly isolated.
Lack of adequate railroads and water transportation became more detrimental as furnaces in the Great Lakes area
continually increased output and reduced their costs. As new larger-scale operations were built with higher output
furnaces that were able to meet the demands, Virginia's relatively antiquated furnaces could not keep up. Production
began to wane. Many of the lower and mid-valley furnaces went out of blast just before the turn of the century.
Between 1884 and 1892, Glenwood, Callie, Van Buren, Elizabeth, Raven CIiff, and Mt. Torry Furnaces all went out of
blast permanently. Improvements in the railroad system of western Virginia came too late to rescue most Virginia
furnaces from debt. Although several of these furnaces had been converted to coke, only the northern valley coke
furnaces were able to remain competitive. This was probably because of their proximity to steel production and
secondary manufacturers in Pennsylvania, Ohio, and Maryland, and because they were near bituminous coal fields in
West Virginia (Campbell: 1907). _

Iron furnace production in the northern Valley of Virginia revived briefly in 1917; World War I pushed
nationwide production to near record levels. The post war depression, however, reduced production to less than one
tenth of war time highs (Gooch 1954). Pig iron production again increased in 1926 and 1927 as the nation experienced
a mid-decade economic surge. Despite this brief nationwide reversal, Virginia furnaces were only able to produce half
of the lowest production levels that had been achieved between 1900 and World War I. By 1928 the state's marginally
capitalized furnaces, faced with increased competition from Great Lakes ore, unfavorable shipping rates, antiquated
furnace practices, and a pending national depression reached the end of their operation (Gooch 1954).
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The Mining Town Era in Virginia (1890-1920)

Despite the failure of Virginia iron furnaces, the period from 1890 to 1920 was a time of revival for other
aspects of the Virginia iron industry. This period coincided with an influx of immigrant laborers from central and
eastern Europe, a cheap labor supply that revived capitalist endeavors. Many large companies became incorporated
and sold stock in order to supply the capital necessary to begin extensive ventures. Also by this time, railroad routes
were sufficiently established to allow for more centralized activities. The miming town era in Virginia coincided with
the introduction of steel rail transportation. Products could be transported further distances in less time, and it was no
longer necessary for iron furnaces to complete all steps of the iron production, including mining of raw materials.
Improvements in transportation also opened up the markets of the Ohio River Valley to iron companies in Virginia.
Mining towns developed around large ore deposits as improvements in technology allowed deeper deposits to be
exploited. Fenwick mining town, Campbell Fields, and Lignite are examples of Virginia mining towns from this era.

Large iron and related companies rose during this time of big business. The Kennedy Konstruction Kompany
(still seen near Van Buren Furnace), Longdale Iron Company, and the Low Moor Iron Company were important in
Virginia. Towns associate with the iron industry sprang up; many, including Clifton Forge and Columbia Fumace, are
still active towns today.

The Fenwick Mining Complex is characteristic of the early twentieth century mining town era in Virginia.
Between 1889 and 1901 the Low Moor Iron Company acquired the parcel of land for the Fenwick Mining Complex.
This complex operated from 1890-1924, covered several thousand acres, and employed several hundred immigrants.
A large complex of company housing and support facilities was constructed at Fenwick mines. Originally, the ore was
mined from open sources, but eventually deep shaft mining began. The ore at Fenwick mines was tough and groups of
men entered the mines each evening to dynamite the ore to be removed the next day.

A vaniety of structures was located close to the main shaft. These buildings included a power house (which
supplied steam power for lifting and compressed air for the drills), a laboratory in which ore was analyzed for quality
before it was mined in bulk, and a blacksmith's shop (Barfield 1990: 10). '

A spur track off the Chesapeake and Ohio Railroad was built from Barbour's Creek Station (sometimes called
Fenwick Station) to the Fenwick mine complex. From the mine complex the rail line led up Mill Creek about two
miles to the other mine shafts. This spur line was probably standard gauge, with narrow gauge rails extending into the
actual mines. In addition to transporting ore from the mines in tram cars, the railroad also transported workers from
the camp to the mines in a coach car. Ore was loaded on the narrow gauge rail by hand, mule, and steam shovel, and
then transported to the main spur line. Ore was washed to remove sand and clay before it was shipped to the Low
Moor Iron Company furnaces at Clifton Forge and Shenandoah.

Citizens of New Castle who remember the mine complex report that mules were used to help the men carry
ore out of the shaft mines. The mules were allowed to come out of the shafts on Sundays so that they would not go
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blind, most of them went blind anyway (Barfield 1990 19). Mine workers were similarly abused. The workers were
paid in script which could only be used to purchase goods at the company store. Some workers still went into town,
or to a store located at the crossroads of the mine roads to purchase food because prices at the company store were so
exorbitant (Barfield 1990).

The 1900 census reported that thirty-seven white males and thirty black males were employed as mine
workers. Over the next ten years, the mining camp grew extensively and the composition of the mine workers
changed. A large number of immigrants, especially from Italy, began to be employed. Most of the mine workers at
Fenwick Mines stayed in company housing at the mine camp. Various elements of a town were also located at the
mine camp — a school, commissary, superintendent's house, hospital, white church, black church, an engine house for
the locomotive, a playhouse, a generating plant to supply electricity for movies, a clubhouse, and a large stable
(Barfield 1990).

References in 7The New Castle Ledger suggest some of the activities that took place at the mine camp. Cases
of the flu, scarlet fever, and typhoid fever were treated by both visiting and permanent physicians. The mine camp had
a baseball team that played the Lignite team (Vol XXXV No. 49). Housing for blacks and Italians was located across
the tracks from the rest of the camp, and these two groups were also separated from each other. Housing for blacks
was painted red and housing for whites was painted gray. No church was set up for the Italian immigrants, who were
undoubtedly Catholic. No foreign born children attended the school; the majority of the Italians were males without
their families. Many mine workers lived in boarding houses, each of which housed about nine workers (Barfield 1990).

A wide variety of occupations supported operations at the mining camp. Occupations listed in census data
from 1910 include 'machinists, ore washers, teamsters, stable boss, car carpenters, foremen, superintendent, school
teacher, preachers, blacksmiths, steam shovel operators, bookkeepers, washer women, fire men (for boilers), engineers
(for locomotives), house carpenters, jiggers (ore washers), boarding house keepers, storekeepers, and boarding house
cooks' (Barfield 1990: 18).

Production at the Fenwick mines was stopped in 1924 due to growing competition from other regions.
Although a large amount of ore was found at Fenwick Mines, extensive sources of iron ore had also been discovered in
the Great Lakes region and these mines were closer to existing large furnaces and markets. Transportation on the
Great Lakes allowed for ships to haul large loads over great distances. The Fenwick Mine Company assets were
liquidated and everything was sold and carted off from the mining town location, including houses, machinery, and
even buried pipes and railroad tracks. Little remains today of what was once a thriving mining town.

Campbell Fields was an extensive iron mining and processing area that supplied the Lucy Selina and Longdale
coke-fueled furnaces with ore. This large mining complex, in operation from ca. 1880 to 1905, was similar to the
Fenwick Mining Complex. After Longdale and Lucy Selina Furnaces were abandoned, the Longdale Tron Company
continued to mine the ore at Campbell Fields, and send it to other furnaces. In addition to the features associated with
iron processing, this settlement included many residential structures; Kurt Russ identified more than thirty such
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structures through archeological investigations (Russ 1993). This complex stretched for more than one and one-half
miles along the terrace above Simpson's Creek.

Despite the extent of these huge mining ventures, they were fairly short lived. The Virginia iron industry still
could not compete with other domestic manufacturers. Northern, and new midwestern iron companies had easier
access to coal, transportation, and large markets. Extensive rich ore deposits were discovered in Michigan, and easily
transported across the Great Lakes. Pennsylvania, Ohio, Alabama, and other states developed and incorporated new
technologies earlier than Virginia. The Virginia iron industry failed in the 1920s, just before the Great Depression.

TRANSPORTATION

Transportation played a key role in the character, development, and eventual decline of the Virginia iron
industry. Access to transportation determined to a large extent where new furnaces were built and which furnaces
prospered. As new modes of transportation were developed, furnaces located further from these transportation routes
suffered. Problems with transporting raw materials to the furnaces, and pig iron from the furnaces, affected all stages
of Virginia iron industry development, and ultimately led to its decline. Eventually, Virginia did establish adequate
transportation routes to the Valley of Virginia, but these advances were delayed by numerous factors, including
Virginia's continuing concentration on agriculture. Because of this delay, the Virginia iron industry could not keep up
with manufacturers in other states with early effective modes of transportation.

Initially, iron furnaces were built in the mountains where a steep gradient provided adequate water power to
run the bellows and produce a blast. Transportation from these furnaces was very difficult (Bruce 1930: viii). Pig iron
was hauled on wagons pulled by oxen or other livestock over the mountains until a navigable river was reached. The
iron was then loaded onto barges and floated down rivers, like the James River, to foundries and forges for further
refinement. In the 1730s, Chiswell complained about the costly transport of pig iron on wagons drawn by eight oxen
24 miles to the company wharf on the Rappahannock (Bruce 1930: 14).

Improved roads in the early nineteenth century aided in the transportation of pig iron to wharves and navigable
rivers as turnpikes were surveyed and laid in. The majority of transportation routes followed natural courses and
remained unimproved dirt roads. Some turnpikes were surveyed and leveled, and included constructed paths across
mountains and bridges across streams (Meinig 1993: 311). The "free turnpike" to Virginia Springs passed within a half
mile of Elizabeth Furnace, and connected to the Staunton and Parkersburg tumnpikes. Other public and private "well
constructed” roads traveled through and around the entire Elizabeth Furnace property. The Covington and Fincastle
turnpike, a well graded road, crossed the property of Roaring Run. The construction of the Howardsville and Rockfish
Turnpike aided Mt. Torry Furnace in transporting pig iron to the James River.

The development of steam engines and other sources of power gradually reduced the reliance of iron furnaces
on a steep gradient and water power. Iron furnaces that continued to rely on water power developed better methods
of damming streams and utilizing this power source. Furnaces could then be constructed further down the mountain
side and closer to nodes of transportation. As early as 1832, the ironworks established at Principio (in Maryland)
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powered its forges and nail machines by steam (May 1945). The continued use of water power, however, proved
sufficient in many of the country's ironworks. Tredegar, for example, maintained water powered facilities as late as
1891 (Swank 1891). Virginia iron manufacturers were slow to adopt steam power. Although it was more restrictive
than steam, water provided enough power to operate the small furnaces and forges of Virginia, even after their
conversion to coke. As long as water power was adequate, the firms avoided the expense of conversion to steam and
increased operating costs from fuel, labor, additional maintenance personnel, tools, and spare parts.

Throughout most of the history of the Virginia iron industry, furnaces were basically self-sufficient. They
mined ore and flux, cut timber, and produced charcoal on the property of the iron furnace. Narrow gauge railroads,
elevated stone-constructed roads, and flume systems were built by furnace operators to transport these items to the
fumace (Barber 1994: 5).

Canals received sustained consideration as the solution to improving transportation in western Virginia. Canals
were intended to connect the east coast river ports with the markets and resources of the Ohio River valley. The
construction of a canal across the entire state of Virginia was first proposed by George Washington; The James River
Company was formed in 1785. The original plans for construction slowed after Washington's death.

In 1832 the canal was reincorporated as the James River and Kanawha Company. The James River and
Kanawha Canal was intended to connect the James River to the Greenbnar and New Rivers, and eventually the
Kanawha River which was navigable to the Ohio River. The link over the mountains had "been originaily planned as a
highway, later as a railroad, and finally (as designed by Engineer Edward Lorraine) a nine-mile-long canal tunne]"
(Shank 1982: 30). This route seemed like the easiest way west to access the Appalachian coal, iron, and markets of
the Ohio River valley. Although it never reached its goal, the James River and Kanawha Canal ultimately did facilitate
the movement of pig iron from the Valley of Virginia to Richmond foundries.

The James River and Kanawha Canal project was plagued with financial problems and disagreements; the full
length of the canal was never completed (Shaw 1990: 112). Corps of Engineers surveys were run across the final
stretch over the mountains, but federal funds were never allocated to the project and it died. A turnpike across the
mountains had already been completed, and railroads were under consideration, so the canal had little support. The
canal was first approved by a Congress dominated by Whigs, but it was eventually killed by the Democrats who
controlled Congress in later years (Shaw 1990: 223). In 1842 the company finances were strained, as no profit could
be made before the completion of the canal, and the largest flood in 50 years on the James River destroyed many canal
locks (Shaw 1990: 115). Work on the canal ended in 1856. The canal stretched from Richmond 197 miles west to
Buchanan (Shank 1982: 29-30). Workers constructed a road from Covington to the canal, and repaired seven miles of
the Blue Ridge Canal, which ran north-south in the valley.

Despite the failure of the canal company to reach its original destination, Virginia iron companies in the vicinity
used the resulting James River and Kanawha Canal as a more economical and easier mode of transportation to
Richmond foundries than shipment down river or on roads. In 1854, 400 boats regularly used the canal, which unlike
other canals, operated year round. The annual tonnage down river in 1860 included 4177 tons of pig iron, as well as
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18,000 hogs' heads of tobacco, 53,046 boxes of manufactured tobacco, 695,388 bushels of wheat, 10,933 bushels of
corn, 21,305 tons of coal, 20,898 tons of stone, and 10,000 cords of wood. Salt, plaster, fish, nails, and guano were
transported up the canal to Buchanan (Shaw 1990: 116). Glenwood furnace utilized the James River and Kanawha
Canal as soon as it was opened. Pig iron was hauled from Catawba Furnace over twenty miles of rough roads to
Buchanan and the James River and Kanawha Canal. Iron was transported from Roaring Run Furnace on boats towed
by two horses on the canal. Fumnaces far from the canal, like Australia Fumace, suffered when the canal was
constructed because they could not compete against firnaces with easier access.

People Initially planned to construct the Chesapeake and Ohic Canal in order to access Ohio ironworks via the
Potomac River. The C&O Canal had federal funding, but also failed to ever reach the Ohio River. Construction of
this canal began in 1828 (Shaw 1990; 98). The C&O Canal passed close to the northern portion of the Valley of
Virginia, but essentially served the interests of northern states

As railroad milage — and therefore competition — increased, a strain was put on the canal systems. Canal
revenues began to decline in the mid 1850s. The state shifted assistance from canals to railroads. This competition,
along with debts incurred in canal construction, led to the demise of the James River and Kanawha Canal. The venture
collapsed during the Civil War (Shaw 1990: 117). Virginia's concentration on costly canals, to the exclusion of
railroads until late in the nineteenth century, is sometimes cited as one of the factors that hindered Virginia in
competition with the northern iron industry (Barber 1994: 7).

In 1880 the James River and Kanawha Canal was soid to the Richmond and Alleghany Railroad Company,
which eventually ran rail lines along towpaths of the canal, all the way to the Ohio River. The James River branch of
the Chesapeake and Ohio Railroad later also foliowed the path of the James River (Shaw 1990: 117). For the first time
a transportation system allowed for transportation both over the mountains east and west to the Ohio River. Railroads
came to be more widely used in the Shenandoah Valley of Virginia at the end of the nineteenth century as spurs off the
main lines were constructed.

The Shenandoah Valley branch of the Norfolk and Western Railroad operated until 1890 in the northern part
of the Valley of Virginia. This railroad ran through Shenandoah and Page Counties. Iron furnaces and coal extraction
areas were constructed near the line, with narrow gauge rail lines built to the furnaces (Strickler 1974: 196). In the
northern valley, construction of large iron furnaces and increased use of the railroad started an economic boom in the
1880s. The height of economic development was reached in 1890, Towns expanded, foundations were laid for
factories, some factories were actually built, cities sprouted, in Grottoes (Shendon) street cars were in operation for a
time, and elaborate hotels were constructed at the railroad stations. Large numbers of lots were sold, but in 1891 the
boom was over as furnaces found it harder and harder to compete with midwest iron production. Banks closed, sold
lots remained undeveloped, and luxury hotels (including Luray) burned and were not rebuilt (Strickler 1974: 230).

In the later part of the nineteenth century, spurs of the railroads ran near most of the iron furnaces in western
Virginia. By 1869, the Chesapeake and Ohio Railroad ran through and along part of the property of Elizabeth
Furnace. A station was located about a mile from the furnace, connecting it to the entire Atlantic railway system for
transport of products. Roaring Run Furnace was located near the Chesapeake and Ohio Railroad and on the
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Richmond & Alleghany Railway. In October 1880 a spur railroad was completed from the Chesapeake and Ohio
Railroad, across Rich Patch Mountain to Callie Furnace. In later years, the Cripple Creek extension of the Norfolk and
Western Railroad had a spur line into the site of Raven CLff Furnace. However, even with this improved mode of
transportation, Virginia furnaces could not compete with the northern iron industries.

The importation and later local manufacture of Bessemer process, high-strength steel in northern U.S. cities
ushered in the Steel Rail period in U.S. transportation history (Raitz and Ulack 1984:108), superseding the earlier canal
and iron rail period. From the post Civil War era onward U.S. railroads replaced their less durable iron wheels and
rails with steel ones. The new technology allowed larger and heavier loads to be carried a longer way than had been
possible with iron rails. The Virginia iron industry felt the impact of this transportation advance as well, although
somewhat later than the iron industries of the northeast and midwest. The high point of Longdale Furnace’s
production in 1900 coincided, and appears to have been caused in part, by the completion of the C&O steel-rail trunk
line along the James River to the lower Chesapeake.

Despite improvements in railroad transportation, the early mode of transportation by wagon and bateau
persisted in some areas throughout the history of the Virginia iron industry. In 1856 the Manassas Gap Railroad had a
station at Woodstock in nearby Shenandoah County; some products were hauled to the railroad, but most still were
transported on flat-bottomed boats. During the Civil War, Tredegar had to transport iron down the James River to
Richmond. With so many men called to fight in the Confederate Army, Tredegar experienced shortages of manpower
and did not have enough men to operate the barges. This Richmond ironworks often reported problems with
transportation. Before 1881 in Page County, products continued to be hauled eastward across Massanutten Mountain
to the Shenandoah River, and then transported downstream on gondola boats (Strickler 1974: 194).

Problems with inadequate modes of transportation plagued the Virginia iron industry from the beginning.

Many furnaces were abandoned reportedly due to transportation problems. Unfortunately for the Virginia iron
industry, more economical modes of transportation came to the area too late for the industry to compete with the north
and midwest. Also, in some ways, the advances in railroad made Virginia iron furnaces even more remote. These
furnaces had to transport iron on narrow gauge rail lines, and transfer goods onto spurs of the main railroads before
reaching the main railroads. A large network of rail lines was constructed in the north by 1850, and iron works were
located directly on the main routes of the railroads. Major northern cities important to the iron industry for markets
and foundries, including Boston, Baltimore, and Philadelphia, had railroads by the end of the 1830s (Meinig 1993:
324). Water transportation was also more widely available in the north, especially along the Ohio River, and over the
Great Lakes, where large shipping vessels could travel (Meinig 1993: 332). Western Virginia concentrated on costly
canals up until the Civil War. Therefore Virginia lacked extensive transportation routes during its crucial years of
development, and despite later improvements in transportation, attempts to modernize and compete with northemn
ironworks failed. The majority of Virginia iron firnaces were abandoned at the time when railroad transportation was
becoming available. Other states had better access to transportation routes, larger coal and iron ore deposits, and a
more modernized and extensive industry; the Virginia furnaces could not compete.
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CONCLUSION

The American iron industry began in Virginia shortly after the English settled the continent. Although the
economic history of the colony and state was dominated by agricultural pursuits, Virginia's ironworks were able to
prosper and survive through much of the nation's history, well into the twentieth century. Virginia's production ranking
fluctuated from a high of third in its infancy to eleventh before production ended. The industry was able to survive
despite its adherence to traditional techniques, and its geographic isolation.

From cold-blast, charcoal-fired iron to hot-blast coke-fired iron, Virginia's isolation had both advantages and
disadvantages. Isolation permitted the industry to develop away from the context of leading iron-producing states such
as Pennsylvania. In turn, Virginia cycled through technologies, management styles, and labor control that suited its
own internal needs. Local and regional demand, less expensive labor, and a continued high-quality iron enabled it to
survive with technologies several decades behind northern firrnaces. However, post-bellum declines, the availability of
coking coal, and a growing demand for iron prompted the shift to coke. The state did not develop large-scale
operations, but its rebuilt coke-fired stone furnaces (primarily in the northern valley) were able to dramatically increase
output to meet the changing conditions. But as continued sophistication, technological change, and highly organized
management systems revolutionized the industry in other areas of the country Virginia's fiinaces could not compete.
Without a total restructuring of the industry, its furnaces did not even survive the lesser economic downturn that
preceded the Great Depression.
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PROPERTY TYPES ASSOCIATED WITH THE VIRGINIA IRON INDUSTRY, 1620-1920

Several characteristic property types are associated with various aspects of the Virginia iron industry
manufacturing process.

Manufacturing Process Associated Property Types
Iron Extraction Iron Furnaces
Raw Material Extraction and | Mines
Refinement Quarries
Collier Pits
Iron Refinement Iron Forges
Foundries
Rolling Mills
Transportation Roads
Canals
Railroads
All Processes Archeological Sites

Typically, these properties are part of a mining or industrial complex that together form a cultural landscape. The
property types included in this nomination are architectural and archeological, with a highly variable degree of integrity.

IRON EXTRACTION: Iron Furnaces

The most common and most prominent property type associated with the iron industry in this part of Virginia
is the iron furnace. This property type changed through time, beginning with cold-biast, charcoal-burning, open-top
furnaces that ran on power from bellows driven by water. Improvements were added over time, beginning in the mid-
nineteenth century. These included the addition of a hot blast and a closed top, the use of steam power, and the use of
coke as fuel. Combinations of early and later iron extraction techniques are found on furnaces because innovations
were not adopted universally at the same time. Glenwood Furnace, which was built in Rockbridge County in 1849, is
an example of a cold-blast, charcoal-burning furnace. In 1874 it was converted to hot-blast. Catawba and Mt. Torry
Furnaces were also constructed as cold-blast, charcoal-burning fumnaces. Van Buren Furnace in Shenandoah County
burmed charcoal, but relied on a hot blast produced with steam driven bellows to extract iron. Callie Furnace was built
as a hot-blast charcoal furnace around 1873, and by 1876 it was enlarged and converted into a coke-burning furnace.
All variations of iron furnaces are eligible for listing.
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structures. All that remains of the majority of these wooden buildings are stone foundations. Van Buren Furnace in
Shenandoah County includes an extant brick building that may have served as both a spring house and office.

Iron furnaces can be found throughout Virginia, although most are concentrated in the Valley of Virginia.
Additional Virginia iron furnaces previously listed on the National Register of Historic Places include Washington Iron
Furnace in Franklin County and Clifion Furnace in Alleghany County. Washington Furnace was constructed around
1770. The Longdale Furnace Historic District in Alleghany County has also been nominated for inclusion on the
National Register.

Significance

Iron furnaces were the center of the iron industry in Virginia, supplying iron for casting and refinement in
forges and foundries. Iron furnaces in the Valley of Virginia altered the local landscape through deforestation for
charcoal production and the creation of new settlements. These furnaces gained national importance as early suppliers
of iron to the country, by 1810 Virginia had the third highest pig iron sales among states and territories in the union.
The furnaces provided key support for the Confederate Army during the Civil War. Iron furnaces provided Tredegar
iron works with iron for cannons, wheels and other essential items requiring a high quality iron. Virginia iron was also
used for iron-clad ships. The industry was important to many local areas, the state economy, and the nation, and the
tron furnace was itself the crux of the industry.

Criteria for Evaluation

The structures that supported both the operation of the furnace, and the workers and animals at the furnace
combine to form the furnace property. Absence or poor preservation of some of these features does not, however,
eliminate a property from eligibility. Furnaces included different features, which have survived to varying degrees.
Most wooden support structures have deteriorated or have been removed, although evidence of their former presence
remains on the landscape. Any furnace that includes standing contributing resources would be particularly significant.
Indication of the presence, layout, and function of the furnace property is required for inclusion, although some
properties may also be considered as potential archeological sites with substantial subsurface resources. Iron furnaces
that retain a high level of integrity of form, material, workmanship, setting, and location will be considered most

significant.

Iron Fumaces in Virginia may be significant under National Regster Criteria A, C, and D. To be eligible under
Criterion A, the furnace must have made a significant contribution to the broad patterns of our history. Furnaces that
contributed to the development of the iron industry in Virginia may be considered eligible under Criterion A.
Additionally, many Virginia furnaces were important producers of iron during the Civil War. Criterion C includes
properties that embody the distinctive characteristics of a type, period, or method of construction. Furnaces that are
still standing and retain a high level of integrity of style, workmanship, location, and materials may be eligible under
Criterion C. The original wooden support structures, however, need not be present to consider the stone furnace as
eligible under Criterion C. Furnace properties usually include a combination of both standing structures and surface or
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subsurface features that retain integrity and may yield information about the historic iron industry in Virginia. These
furnace properties may be eligible under Criterion D. Criterion D includes those properties that have vielded, or may
be likely to yield, information important in prehistory or history. Criterion D generally applies to archeological sites;
Virginia furnaces have an archeological component.

RAW MATERIAL EXTRACTION AND REFINEMENT: Mines, Quarries, and Collier Pits

Raw materials were essential for furnace operations and needed to be extracted and refined. Iron ore supplied
the raw material from which the product was made, limestone was used as building material for the furnace and as flux
in smelting ore, and charcoal or coke heated the furnace. Property types associated with the supply of iron furnaces
with these needed raw materials changed through time. Before 1890, most furnaces were self-sufficient; facilities for
providing all resources needed to extract iron were located on the furnace property. Property types associated with
these early fumnaces include above-ground collier pits where wood was roasted to make charcoal, limestone quarries,
and iron ore mines. Resources were often obtained during the winter when furnaces were out of blast.

In 1869 the 6,605-acre property of Elizabeth Furnace included timber, valuable iron ore banks, and limestone
quarries. The hills surrounding Glenwood Furnace were used to collect timber for charcoal production, and were
mined for iron ore; the iron mines included Furnace Bank, Mountain Bank, Pipe-ore Bank, and the Greenlee Bank.
The owners of Australia Furnace mined brown hematite ore from banks six hundred yards northeast of the furnace,

Facilities were constructed to transport these raw materials from extraction locations to the furnace. Evidence
of flumes, roads and narrow gauge railroads may be seen in the vicinity of furnaces. These are discussed in more detail
in the section on transportation resources.

Beginning around 1880, iron furnaces were converted to using coke fuel; the period from 1880 to 1920 can be
considered the era of coke production in Virginia. During this time, older furnaces were rebuilt to accommodate this
new technology, and all new furnaces were built to use coke. Therefore, collier pits become rare after 1880. Because
coke was generally imported to the area through improved transportation facilities, few coke extraction sites can be
found in the Valley of Virginia.

By 1900 most Virginia iron furnaces had ceased production, but raw material extraction activities continued,
and often expanded. A revival of capitalist industrial endeavors in the area, spurred by an influx of immigrants and
improved transportation, led to centralization of industrial activities. Furnaces across the country were no longer self-
sufficient, and often bought the materials necessary for production rather than providing materials themselves. In
Virginia, mining towns developed around large ore deposits, and provided ore to Ohio and Pennsylvania
manufacturing concerns. Fenwick mining town, Campbell Fields, and Lignite are examples of mining towns from this
era in Virginia.

Numerous property types together formed the mining town complex. These complexes were literally towns
with all the facilities to support both the industry and the families living there. Property types associated with
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transportation, industry, education, commerce, domestic spheres, recreation, and religion were present. The Fenwick
Mine Complex, for example, included facilities related to all of these spheres. At Fenwick Mines, roads and both
narrow an standard gauge railroads transported ore and workers between the mines and town complex, and to
Bardour’s Creek Station on the Chesapeake and Ohio Railroad. Both surface and shaft mines were opened. Structures
related to extraction of ore from the mines included a power house which supplied steam power for lifting and
compressed air for the drills, an assay laboratory, a blacksmith's shop, and an ore washer. The complex also included a
school, commissary, superintendent's house, housing for workers and their families, boarding houses, hospital,
playhouse, electric generating plant, movies house, clubhouse, white and black churches, and various stables and sheds,
Thus, a wider variety of property types may be associated with late nineteenth and early-twentieth century iron ore
mining complexes, than with earlier extraction facilities,

Significance

The iron industry depended on the availability of raw materials including timber for charcoal, iron ore,
limestone, and coke. The facilities involved in obtaining these supplies were essential to the iron industry of Virginia.
The positioning of iron production facilities relative to key natural resources gave the Virginia iron industry its
characteristic spatial pattern.

Criteria for Evaluation

Material extraction and preparation sites before the end of the nineteenth century do not generally include
buildings or structures, other than those associated with transportation of the material. In most cases, these sites can
be evaluated as a contributing resource associated with a particular furnace. Sites where definite resource extraction
and production has taken place, especially collier pits, may be eligible as individual properties under Criterion D or as
contributing properties at a furnace site.

Iron ore mines from the end of the nineteenth century and the early twentieth century included town complexes
with numerous buildings and structures. Ore mining towns provide essential information about later mining techniques
and the histories of specific industries that relied on them. The location of buildings associated with the town complex
may provide information about the structure and composition of the towns, including ethnicity, technology, religion,
and economic status. Mining towns represent a distinct era in American industry and may be eligible under Criterion
A. Mining town complexes may be eligible under Criterion C if contributing standing structures are present that retain
integrity of design and materials. Generally, mining town complexes have not been preserved. The subsurface
components and above ground ruins may be eligible under Criterion D if they are likely to contain information about
iron mining technology or life in the mining town.

IRON REFINEMENT: Iron Forges, Rolling Mills, and Foundries

Most iron produced in the eighteenth and nineteenth centuries was either wrought or cast. Wrought iron was
manufactured at bloomery forges by reducing ore in the presence of a fuel and flux in a funace called a forge which
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was usually only walled on one side. The reduced material, a combination of iron and slag called a bloom, was
removed from the hearth and separated by repeatedly hammering the metal into bars until all of the slag had been
forced out of the iron. Relling mills likewise removed the more brittle slag from pig iron by passing bars of iron
repeatedly through a rolling press. The refined iron was then formed into durable and useable shapes by blacksmiths.
Foundries fired pig iron at high temperatures to burn off impurities, and then casted the molten metal into useable
shapes. Although some forges extracted iron from ore, most iron refined in forges, rolling mills, and foundries was
obtained as pig iron from furnaces located closer to the sources of raw materials needed for iron extraction.

Before 1776 few facilities for refining iron were located in Virginia. Pig iron was simply sent to Britain in raw
form. By the late 1770s, high colonial demand for iron products and decreasing British production led to the
development of more operating forges in the Americas, Building of forges, foundries, and rolling mills was essential to
the continuation of the iron industry in Virginia after ties with Britain were severed. The refined iron these industries
provided was used to make utilitarian objects, and allowed America a greater degree of economic independence from
Britain. Hunter's [ronworks, in Stafford County, was built in the mid eighteenth century and produced equipment for
the Revolutionary War. This iron refining complex is on the National Register of Historic Places.

On the local level, the success of a particular furnace often depended on its proximity to forges, as well as
availability of resources and routes of transportation. Local forges were utilized by iron furnaces throughout the
Shenandoah Valley. Catherine Furnace had forges on the furnace property. The proximity of Elizabeth Furnace to
forges gave it an advantage over many of its competitors.

Despite the availability of these local forges and rolling mills, the bulk of pig iron from furnaces near the Valley
of Virginia was sent to larger forges and foundries located outside of the area. Pig iron was transported by cart and
then loaded onto barges and floated down stream to lowland foundries and forges for further refinement. For example,
Tredegar Iron Works in Richmond was particularly important for furnaces in western Virginia, especially during the
Civil War. By 1860, Tredegar maintained four rolling mills and fourteen foundries and machine shops in the Richmond
area. The Tredegar Iron Works in Richmond is on the National Register of Historic Places. Another Virginia iron
refining facility previously listed on the National Register is the Appomattox Iron Works in Petersburg County. This
early to mid-nineteenth century foundry complex includes four standing structures and numerous ruins. It is one of the
most well-preserved and complete historic iron foundry complexes in the nation.

Significance

Iron refining facilities were a significant part of the iron industry. These facilities provided workable iron for
use in a variety of products. Virginia forges, foundries, and rolling mills were important industries for America during
the Revolutionary War. They produced iron products for use by the Confederate Army during the Civil War. Iron
forges on a local level could determine the success of an iron firnace.
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Criteria for Evaluation

Any property related to the iron forges, foundries, and rolling mills in the area which retains a high level of
integrity of location, design, setting, material, and association and is likely to yield information about the historic iron
industry of Virginia is eligible for listing. Tron refining industries that contributed significantly to either the
Revolutionary War, Civil War, or the development of the iron industry may be eligible under Criterion A. The majority
of the elements of the structure that provide information about the function of the building must retain their integrity
for kisting under Criterion C. Properties associated with iron refinement may also be eligible as archeological sites
under Criterion D if no structures remain standing and the area has not been altered through subsequent ground
disturbance.

TRANSPORTATION: Roads, Canals, and Railroads

Properties associated with transportation in general are not eligible for inclusion in this multiple resource
nomination, but certain transportation features that were built with the specific intent of serving the iron industry may
be eligible. These include roads, flumes, and both narrow gauge and standard gauge railroad lines from furnaces to
main lines of the railroad. Roads were built through and from iron farnaces or mines for the purpose of transporting
raw materials and products. Well constructed roads passed around and through the entire Elizabeth Furnace property.
Flumes were constructed at fumaces before 1900 to transport mined materials to the furnace. In 1871 the
Shenandoah Iron, Lumber, Mining, and Manufacturing Company installed a railway and flume at Catherine Furnace.
Spur railroad lines became important for the iron industry, especially after 1860. Duning the later years of Raven Cliff's
operation, the Cripple Creek extension of the Norfolk & Western Railroad had a spur line into the site to transport ore
and pig iron. A spur track off the Chesapeake and Ohio Railroad was built from Barbour’s Creek Station (sometimes
called Fenwick Station) to the Fenwick mine complex. Bridges over the numerous streams in the area were also
important features of the roads and railroads.

Some major transportation routes were utilized by the iron industry, although they were not built intentionally
for the industry. These included tunpikes, canals, and railroads. The construction of the Howardsville and Rockfish
Turnpike aided in transportation of pig iron from Mt. Torry Furnace. The "free turnpike" to Virginia Springs passed
within a half mile of Elizabeth Furnace, and connected to the Staunton and Parkersburg Tumnpikes. The well graded
Covington and Fincastle turnpike crossed the property of Roaring Run Furnace. This furnace also transported pig iron
on the James River and Kanawha Canal, the Chesapeake and Ohio Railroad and from the Baldwin station on the
Richmond & Alleghany Railway. Glenwood Furnace began using the James River and Kanawha Canal as soon as it
was opened. Portions of the James River and Kanawha Canal have been nominated to the National Register of
Historic Places.

Significance

Transportation issues played a key role in the development and eventual decline of the Virginia iron industry.
Access to transportation determined to a large extent where new furnaces were built, and which furnaces prospered.
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As new modes of transportation were developed, furnaces located further from these transportation routes suffered.
Problems with transporting materials to and from the furnaces affected all stages of Virginia iron industry's
development, and eventually led to its decline as it could not compete with northern and midwestern iron works.
Virginia did eventually establish adequate transportation routes for the Valley of Virginia through turnpikes, canals,
and railroads. These advances, however, were delayed by numerous factors, including Virginia's continuing focus on
agriculture. Because of this delay, the Virginia iron industry could not keep up with manufacturers in other states that
had earlier access to effective modes of transportation.

Criteria for Evaluation

Although roads, canals, railroads, and their bridges were very important to the iron industry, these resources
are generally not eligible for listing with this multiproperty nomination. Transportation resources that can be shown to
be directly related to iron production, however, may be eligible, primarily as contributing resources to the larger
furnace or mine nomination, These include flumes, roads and both narrow and standard gauge railroads built between
the iron property and other more widely used routes, or between different areas of an iron industry property. Particular
railroad stations on the main lines that were built to serve an iron furnace, mine, or forge would also be eligible under
Cniterion A, or C if the structure retains integrity.

ARCHEOLOGICAL SITES

Few examples of the property types previously discussed are still extant. Most of the supporting structures at
an iron fiimace or mine complex were wooden. When furnaces, mines, and forges were abandoned, the buildings
themselves did not survive. Many structures were purposefully removed so that new structures could be built, or to
sell or reuse the materials. Equipment was removed for use elsewhere. Therefore archeological sites provide an
important component of the present record of the Virginia iron industry. Although the structures are gone, the sites,
foundations, and landscape modifications may still contain intact information that can contribute to knowledge of the
technology of the iron industry and its change through time. The Fenwick mine complex was completely dismantled
(including houses, rails, pipes, and machinery) and sold off not long after the mines closed. Australia Furnace was
removed when the Longdale company started more intensive mining of the area. The potential for archaeological
mvestigation at these and many other sites related to the iron industry of Virginia is significant. Raven CIiff Furnace
includes an archeological component (site 44WY'57) that has been nominated for inclusion on the National Register of
Historic Places.

Archeology can also answer questions that standing structures alone cannot. Even if buildings are absent or
are n a state of deterioration, the integrity of an iron mining or processing property may be demonstrated by the
association or linkage of various components which lack distinction on an individual level. Research could provide
information about workers' living conditions, ethnicity, and economic background. Transportation of raw materials
and finished products could be investigated as well as the relations between the rural furnace and the urban
manufacturer, like Tredegar Iron Works.
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Significance and Criteria for Evaluation

Archeological sites related to the iron industry could provide significant information about aspects of the iron
industry that are not recorded in standing structures. In order to be included, archeological sites must be shown to be
directly related to the iron industry. Sites may be eligible under Criterion D if they retain a high level of integrity and
are likely to yield important information about the historic iron industry in Virginia.
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GEOGRAPHICAL DATA

Western Virginia was important to the Virginia iron industry. Numerous properties are located in the area of
the Shenandoah Valley and surrounding mountain sides. The properties included in this multiple resource nomination
are located within the George Washington and Jefferson National Forests. The iron industry spanned all of Virginia,
however, and resources may be found throughout the state. Resources associated with the iron industry of Virginia
were integrated across the state; fiinaces in mountains of western Virginia sent iron to forges, foundries and rolling
mills in the lowland and eastern portions of the state.
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IDENTIFICATION AND EVALUATION METHODS

This multiple property nomination is based on a survey of architectural resources, and their related historic
landscapes and archeological sites, associated with the iron industry in the George Washington and Jefferson National
Forests. The survey was sponsored by the USDA Forest Service and the Virginia Department of Historic Resources
(VDHR). Properties were selected for inclusion on several criteria, based on the parameters established by sponsorship
of the survey:

® Selected properties are located on land owned and managed by the George Washington and Jefferson
National Forests in western Virginia,

. Properties must maintain integrity that reflects their association with the historic iron industry in
Virginia,

. Properties were identified by personnel of the USDA Forest Service and the Virginia Department of
Historic Resources;

. Related properties that did not meet the criteria were not nominated to the National Register, but were

incorporated in the context statement and included in the field survey to gain an understanding of the
full range of landscapes created by the Virginia iron industry.

The geographical area defined by the Forest Service and the VDHR contained ideal conditions for iron furnace
operation, including numerous streams, limestone outcrops, iron ore, and forests for fueling the firnaces. Fourteen
resources were preliminarily identified by the Forest Service, and after investigation, ten were determined to meet the
above criteria and included in this survey and multiple property nomination.

Architectural historians from Dames & Moore conducted archival research in order to gain an understanding of
the history of the iron industry in western Virginia, and of the particular properties included in this survey. Archives
and libraries consulted include the Library of Congress in Washington, D.C., the VDHR Archives in Richmond, and
the Capron Collection on file with the USDA Forest Service in Roanoke.

The architectural field survey was conducted by Dames & Moore architectural historians and archeologists
Steve Moffson, Bode Morin, Emlen Myers, and Heather Crowl. The survey was completed in phases; half of the
resources were visited in December of 1995, and the remainder surveyed in March 1996. One final fumace was
investigated in September 1996,

Once sufficient background information was gathered to provide a context for field investigation
reconnaissance began. The survey consisted of an initial walkover of the extent of the furnace property. The furnace
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was measured, sketched, evaluated for integrity, and its location noted on a USGS topographical map. A sketch map
of the area around each furnace was drawn, and accompanying representative photographs and slides were taken. An
intensive level VDHR survey form was filled out for each furnace. Although the focus of the survey was on the
furnace structure itself, it was recognized that additional associated resources would be found in the surrounding area.
The furnace properties originally encompassed thousands of acres, including forests, river ways, and quarry and mine
sites. The walkover survey was expanded over an area radiating out from the furnace until no additional associated
resources were found. In addition to recognizing and recording standing structures, potential below ground features
were noted when recognized through surface indications. No subsurface testing was conducted.

Dames & Moore staff developed a history and statement of potential significance for each property, and
completed a nomination form for the National Register of Historic Places for each furnace. Inventory survey forms
were entered into the National Park Service's Integrated Preservation Software.

The historic context for the muitiple property documentation was organized according to chronological periods
identified by the Virginia Department of Historic Resources in order to place the iron industry in the context of Virginia
history. The time period spans the entire history of iron production in Virginia from its beginning around 1620 to its
demise in the 1920s. Requirements for integrity of resources potentially eligible for inclusion in the multiple property
documentation were based on a knowledge of the current condition of known properties. The significant property
types identified for inclusion were based on function and their relation to the Virginia iron industry.
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